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(54) BETA-FES 12 MATERIAL AND ITS PRODUCTION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 0-FeSi2 thermoelectric semiconductor 
material of high quality by an extremely simple method by directly bringing h >h - 
iron into contact with ugh p ] silicon in such a manner that the ambient atmospheric 
pressure and te mp. are specified and specifying the concn. of impurities other than Mn, 
Al, Co, Cr and Ni and the optical direct energy gap therein. 

SOLUTION: Hi-.;h p iron having >99.9% purity is brought into contact with hid* 
purity silicon having <99.99% purity in an inert gas atmosphere under >10-1 Pa gas 
pressure or in a vacuum atmosphere under <10-1 Pa ambient pressure or in a reducing 
atmosphere under <1 Pa partial pressure of an oxidizing gas, and the contact part is 
heated at 700 to 900°C for >1 min. In this way, the silicon atoms infiltrate into the inside 
of the iron material to cause solid phase silicide reaction, by which the B-FcSi2 material 
in which the concn. of impurities other than Mn, Al, Co, Cr and Ni is regulated to < 100 
ppm and the optical direct energy band gap is regulated to 0.75 to 0.9 eV can efficiently 
be obtd. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to beta-FeSi 2 material used for a 



thermoelectric generation device, an infrared light emitting element and a photo detector, 

an optical waveguide device, etc., and a manufacturing method for the same. 

[0002] 

[Description of the Prior ArtJThe method currently used for manufacturing the beta-FeSi 
2 material for thermoelectric generation devices conventionally as shown in 843 pages - 
847 pages in Tsutomu Kojima, Takeshi Masumoto, Isao Nishida, the Japan Institute of 
Metals magazine, the 48th volume, and 1984, Purity uses iron of 99% or less of low 
grade as a material. Namely, according to the above-mentioned well4aiown example, the 
industrial use silicon of 98% of purity is mixed with industrial use iron whose purity is 
99% in predetermined proportion, Binding materials, such as a process of adjusting the 
ingot which dissolves this and consists of alpha-FeSi 2, a process of grinding this ingot to 
a predetermined particle size, and polyvinyl alcohol, are added. After obtaining the 
sintered compact which becomes predetermined shape from alpha-FeSi 2 through the 
process which carries out pressing, and the process sintered in 1 100-1200 **, It was the 
method of converting a crystalline form into beta from alpha through the process of 
carrying out heat treatment for this sintered compact at the temperature of 700-840 ** for 
20 to 200 hours, and obtaining beta-FeSi 2 material. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order that a described method and 
the beta-FeSi 2 material produced by that cause might mix many impurities by the process 
of dissolving iron and silicon, the process pulverized to a grain, the process of adding a 
binding material, etc., the beta-FeSi 2 material of the high grade was not obtained. 
[0004]The alpha-FeSi 2 sintered compact in which thermoelectrical performance is not 
shown was produced, and also it ground, and as for all, powder diameter adjustment etc. 
were complicated, the process that time and effort starts was needed [ the long heat 
treatment process was needed, or ], and a beta-FeSi 2 thermoelectric semiconductor 
material was not able to be manufactured efficiently. Therefore, the purpose of this 
invention is a very easy method, and there is in providing a high-definition beta-FeSi 2 
thermoelectric semiconductor material and its manufacturing method. 
[0005] 

[Means for Solving the Problem]The above-mentioned purpose in an inert gas 
atmosphere, a vacuum atmosphere, or atmosphere of reducing gas, Purity because not 
less than 99.9% of high grade iron and purity hold not less than 99.99% of high purity 
silicon in the state where it was made to contact mutually and heat it for more than 1 
minute to a 700 to 900 ** temperature requirement. It is attained by high-definition beta- 
FeSi 2 material obtained by making solid phase reaction of high grade iron and high 
purity silicon cause, without carrying out melting of each other. 
[0006]In this invention, since it is only heating in an inert atmosphere, a vacuum, or a 
reducing atmosphere, without high grade iron and high purity silicon being in a state 
which contacted mutually, and fusing, it is very rare for an impurity to mix from the 
circumference of a container holding material, etc. Since a ball for material grinding still 
like a method of a mechanical alloy is not used or a container is not rotated, worries about 
impurity mixing used as a generation cause do not have material of these balls or 
containers, either. Beta-FeSi 2 material of a high grade is producible cheaply and in large 
quantities moreover. 
[0007] 



[Embodiment of the Invention] 

[Example 1] Drawin g 1 is a figure showing the basic principle of this invention. 
[0008]First, in the reducing atmosphere of the inert gas atmosphere of argon etc., a 
vacuum atmosphere, or hydrogen gas, purity holds, after not less than 99.9% of high 
grade iron and purity have contacted mutually not less than 99.99% of high purity silicon. 
In this case, high grade iron and high purity silicon may be tabular, may be cylindrical, or 
may be powdered. 

[0009]Above-mentioned high grade iron and high purity silicon are contacted mutually, 
are set as a 700 to 900 ** temperature requirement, and are heated for more than 1 
minute. At this time, while silicon and iron destroy a mutual surface oxide film, without 
fusing, a silicon atom invades into the inside of the charge of iron material, a solid phase 
silicide reaction is caused, and a beta-FeSi 2 crystal is obtained. Since this beta-FeSi 2 
crystal usually becomes a thin film integrated circuit and exfoliates with high grade iron 
of a raw material, and high purity silicon, it is easily recoverable. Therefore, unreacted 
high grade iron and high-purity-silicon material can be again used as a raw material of a 
beta-FeSi 2 crystal. 

[00 10] [Example 2] Drawing 2 is a figure showing how to produce beta-FeSi 2 material 
using a high grade griddle and a high-purity-silicon board. 

[001 l]The buck 2 made from quartz is arranged in the vacuum housing 1 made from 
transparent quartz, Where the high grade griddle (100 mm in diameter, 95 the 2-mm- 
thick high-purity-silicon boards 3 (99.999% of purity, crystal orientation Si (100)) and 
diameters in diameters, and 2 mm in thickness) 4 (99.999% of purity) is contacted 
mutually on it, it has arranged horizontally. 

[0012]Next, where the gas introduction hole 5 is closed, evacuation of the inside of the 
vacuum housing 1 was carried out to vacuum pressure 1x10 " 6 Pa with the vacuum pump 
(not shown) linked to the evacuation hole 6. Next, from the gas introduction hole 5, using 
the flow regulation valve (not shown), inactive argon gas was introduced in the vacuum 
housing 1, and gas pressure was set to 1x10 _1 Pa. 

[0013]The halogen lamp 7 for heating (3 kW of power consumption) has been arranged 
in the upper part of the above-mentioned vacuum housing 1 , and the light reflector 8 was 
put on the upper part. It energized to the halogen lamp 7, and measuring temperature with 
the thermo couple (not shown) which attached the temperature of the above-mentioned 
high-purity-silicon board 3 and the high grade griddle 4, temperature -up heating was 
carried out in 10 minutes at 800 **, and it held at the temperature for 1 hour, and after 
that, annealing of 10 hours was performed and it was considered as the room temperature. 
[00 14] As a result of this heat treatment, as shown in drawing 3 , in the interface which the 
high grade griddle 4 and the high-purity-silicon board 3 touch, the solid phase silicide 
formation reaction whose iron atom causes diffusion and a reaction in a silicon substrate 
advanced, and the beta-FeSi 2 material 9 of the high grade as shown in a slash part was 
formed. According to the difference of the coefficient of thermal expansion with the beta- 
FeSi 2 material 9, the high grade pure iron board 10, and the high-purity-silicon board 11, 
the beta-FeSi 2 material 9 peeled from the high grade pure iron board 10 and the high- 
purity-silicon board 1 1 , and became a thin film integrated circuit. 
[0015]In the purity of the beta-FeSi 2 material 9 of this thin film integrated circuit, when 
the existence of the impurity was investigated with a fluorescence-X-rays impurity 
analysis device, the remarkable impurity element was not detected. 



[00 16] When the crystallinity of this beta-FeSi 2 material 9 is furthermore measured with 
a laser Raman spectral device, as shown in drawing 4 , It turned out that only the 
scattering peaks (Si, TO) resulting from Si crystal and the peak resulting from a beta-FeSi 
2 crystal structure are acquired, the peak of the alpha-FeSi 2 structure which does not 
show thermoelectrical performance cannot be detected at all, but the high-definition beta- 
FeSi 2 crystal is obtained. 

[00 17] Although a tabular material was used by this method, powder may be sufficient as 
the shape of a raw material. The method of placing the powder of silicon or iron on the 
board of iron or silicon or the method of mixing the powder of such materials beforehand 
is possible. In order to make the reaction in a boundary interface furthermore easy to 
follow, it is also effective to apply the power in which each other is pressed down or to 
heat within the pressurized container. 

[0018]There is also a method of contacting two materials arranging the cylindrical high 
grade iron bar 13, and rotating the high grade iron bar 13 on the tabular high purity 
silicon 12, as shown in drawing 5 . Or the method of making it contact, rotating the two 
cylindrical high-purity-silicon sticks 14 and the cylindrical high grade iron bar 15, as 
shown in drawing 6 , and forming the beta-FeSi 2 crystalline material 16 by a boundary 
interface is also possible. 

[00 19] [Example 3] Make the high grade griddle contain 10 ppm of high grade manganese 
as a doping element beforehand, and by the same method as Example 2. When beta-FeSi 
2 material was produced using the high grade griddle and the high-purity-silicon board, 
the beta-FeSi 2 material whose optical band gap electrical conductivity is 0.85 eV in a p 
type was obtained. 

[0020] When the griddle which made the high grade griddle contain 10 ppm of high purity 
cobalt as a doping element beforehand was used and beta-FeSi 2 material was produced 
by the same method as Example 2, the beta-FeSi 2 material of the n type [ electrical 
conductivity ] was obtained this time. The optical band gap at this time was 0.82 eV. 
[0021] Although the desired doping element was made to contain in iron in this example, 
the same effect was acquired even if it made it contain in silicon. 
[0022]It is also possible to put manganese as these doping elements, aluminum, cobalt, 
chromium, and nickel into the high grade beta-FeSi 2 material produced beforehand by 
the usual doping methods, such as the method of carrying out thermal diffusion or an ion 
implantation. 

[0023] [Example 4] The electrical conductivity produced in Example 3 a p type thin film 
integrated circuit beta-FeSi 2 material and the thin film integrated circuit beta-FeSi 2 
material of a n type [ electrical conductivity ], It held at the temperature of 900 ** in the 
vacuum for 20 hours, pressurizing by pressure 200 kg/cm 2 , after enclosing 200g with 
right and left at a time, respectively and covering the mold with which the slot was made 
by U type as shown in drawing 7. As a result, the sintering reaction occurred and the 
solid beta-FeSi 2 material element of U type was formed. This size was 50 mm in length 
of 5 mm in thickness, and U type. 

[0024]When the beta-FeSi 2 material thermoelectric generation device by this example 
was measured in 380K-870K, the outstanding thermoelectrical characteristic like drawing 
8_was shown. 
[0025] 

[Effect of the Invention]As explained above, according to this invention, the heat 



treatment process which needs complicated and long time like the conventional method is 
unnecessary, and can prevent mixing of the impurity by the dissolution, grinding, binding 
material addition, etc. Therefore, it is effective in becoming possible to build 
simplification of a manufacturing process, the great reduction of a manufacturing cost, 
and a high-definition and highly efficient beta-FeSi 2 material. 



CLAIMS 
[Ckum(s)] 

[Claim 1 Concentration of impurity elements other than manganese contained in beta- 
FeSi 2 , aluminum, cobalt, chromium, and nickel is 100 ppm or less, Beta-FeSi 2 material, 
wherein an optical direct energy band gap is in the range of 0.75 eV or more - 0.9 eV or 
less. 

[Claim 2]P type beta-FeSi 2 material doping said manganese or at least one element in 
aluminum by concentration of 0. 1 or more [ - ] and 1 00 ppm or less in said claim 1 . 
[Claim 3]N type beta-FeSi 2 material doping said cobalt, chromium, and at least one 
element in nickel by concentration of 0. 1 or more [ - ] and 100 ppm or less in said claim 
1. 

[Claim 4]Gas pressure sets in an inert gas atmosphere more than 10 _1 Pa, and, in ambient 
pressure, a partial pressure of a oxidizing gas sets in a reducing gas atmosphere of 1 Pa or 
less among a vacuum atmosphere below 10 _1 Pa, A manufacturing method of beta-FeSi 2 
material in which purity is characterized by holding after not less than 99.9% of high 
grade iron and purity have carried out direct contact of not less than 99.99% of the high 
purity silicon mutually, and heating this contact place for more than 1 minute to a 700 to 
900 ** temperature requirement. 

[Claim 5] A manufacturing method of beta-FeSi 2 material pressurizing gas pressure of 
inactive gas of atmosphere, or reducing gas in said claim 4 more than 0.1 kg/cm 2 . 
[Claim 6]In said claim 4, magnetic field strength is 0.001 . A manufacturing method of 
beta-FeSi 2 material making contact pressure of iron and silicon more than 0. 1 kg/cm 2 
increase by arranging a charge of iron material to electromagnetic field more than a tesla, 
and making a charge of iron material attract according to electromagnetic force. 
[Claim 7] An element controlling an electronic transition by joining the p type beta-FeSi 2 
material according to claim 2 and the n type beta-FeSi 2 material according to claim 3, 
and forming p-n junction. 



